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Abstract
In recent years, public displays (PDs) have become an increasingly signiﬁcant mechanism of mass communication. So far, many
of PDs do not provide a means of interaction acting only act as output devices that present information. On the other hand,
smartphones have become increasingly popular due to their number of users, inherent properties and power. It has been argued
that digital information is required for most meetings, whether formal or informal. With technological improvement and the
growing of the ubiquity of both PDs and smartphones, streaming data between devices should be done smoothly in formal or
informal meetings. While many possibilities exist for communication between such devices, ﬁle sharing in these scenarios is still
restricted. These solutions also focus only on new mechanisms for interaction with PDs and ignore PDs’ primary function of
displaying information. To solve this problem, we present a novel technique that allows users to transfer diﬀerent types of ﬁles
while preserving the security of these ﬁles. The technique will be particularly used to transfer ﬁles from smartphones to PDs in
various kinds of meetings. The system combines both traditional uses of PDs (such as displaying announcements) and interactive
ways of giving real-time presentations by uploading ﬁles, marking important parts of pages and writing notes. The ﬁndings imply
that a majority of users are ready to use the system. Furthermore, the systems’s performance evaluation results are very encouraging
and reveal that the deployed tool is an eﬀective method that can be a reasonable alternative to using projectors.
c© 2016 The Authors. Published by Elsevier B.V.
Peer-review under responsibility of the Conference Program Chairs.
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1. Introduction
Public displays (PDs) have become increasingly prevalent in public places in central cities, such as universities,
airports and shopping malls to disseminate schedules, commercials and complementary information. PDs provide a
straightforward and eﬃcient way of bringing digital information into our physical world. However, their presented
information is always obtained from central repositories or Web services and often this cycle has been in a pre-
determined way1. PDs are commonly used only as an output devices, providing neither a means of interaction with
individuals nor an easy way to add user content to the display. At the same time, interactive PD are still limited, as their
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development is costly. On the other hand, smartphones are attractive devices due to their aﬀordability, availability and
ease of use. They have become a pervasive part of daily life. The latest smartphones include several communications
capabilities for communication between other people and devices. This has allowed for communication, interaction
and information sharing to be faster and more accessible. However, smartphones are limited because they have small
screens.
Using smartphones as a complementing interaction technology is one of the most suitable ways to interact with PDs2.
As PDs are often mounted in the lobbies of universities and companies where groups of people meet, the ability to
transfer smartphone ﬁles to these PDs would be useful and more convenient than going to another place to make a
presentation. This type of information sharing is a fast way to present useful data. Everyone who handles a smartphone
can use this system, regardless of age or background. For example, faculty members at universities, employees,
students and friends can all use these displays for both formal and informal meetings. However, one of the main
issues is determining how to support seamless interactions between PDs and smartphones2,3. Several research papers
have proposed applications that support interactions between PDs and smartphones. However, these applications
require installation onto a smartphone, which is not particularly suitable. Additionally, in that scenario, diﬀerent PDs
might have diﬀerent techniques, which would force users for installing applications for use with displays4.
In this paper we try to deﬁne a general PD system that address the following research questions: How to develop
a generic system for PD that combines traditional and interactive modes and supports transferring diﬀerent types of
data from smartphones and displaying it on PD with preserving the security of these ﬁles? The rest of the paper is
organized as follows. First, present the related works. Second, we summarize an online survey. Third, give details
about the system design. Fourth, the main results of the performance evaluation of our system. And ﬁnally, we
conclude our paper by reminding the main system features, the main results as well as the future enhancement that
could be done on the system.
2. Related Work
With technological improvements and the growing ubiquity of both PDs and smartphones, exchange data should
be done as smoothly as possible among these devices. While many possibilities for integration between them appear,
sharing ﬁles in these cases is still limited. Bluetooth technology, which comes equipped on most of the latest smart-
phones, can be used for interacting with PDs in two diﬀerent ways. First, by changing the Bluetooth name of the
mobile device, users can directly send a request to the PD5. The second method way used in the Hermes6, in which
users searched for a display name to send pictures and other media. The main disadvantage of Bluetooth is that it
wastes time in detecting and pairing with another device; the user may not be ready to spend this time on conﬁgu-
ration when in a public space7,8. In this research, we will try to make a system that is easier and faster to conﬁgure
than Bluetooth is. In addition, users’ devices can manage large displays and handle input from NFC readers’ tags9,10.
However, NFC displays are not suitable due to their complex deployment7, and some smartphones are not equipped
with NFC tags.
The introduction of Digiﬁeds was meant to understand the potential of using smartphones to interact with PDs2. They
developed Digiﬁeds platforms, where users can generate QR codes of the content they want to share and scan the
codes using mobile phones screens with a camera attached to the display, which will result in presenting the informa-
tion in PD. However, generating QR codes for every ﬁle will be annoying for users. Wi-Fi techniques were used as a
mechanism to interact with PDs7. Their application included two packages: one is installed on the display, while the
other is installed on smartphones. When a users connect their smartphones to a Wi-Fi hotspot, the IP address will be
identiﬁed, then the IP address and a port number, will carry out the communication procedure. In this way, users can
upload or download contents from PDs. It is a good idea for automatically connecting to PDs; however, many people
refuse to connect their smartphones with public Wi-Fi due to privacy issues7. A system that, like ours, oﬀered the
ability to connect to the Internet through both Wi-Fi and 4G would be great.
PresiShare1 is an application that allows users to share content from their smartphones, using QR codes and Web-
based technology. With PresiShare, users scan a QR code shown on a PD with a mobile camera to connect with it,
and then they upload ﬁles from their smartphone. Another user can then download this ﬁle by simply scanning the
QR code that represents the location of the image based on the instructions of the user that uploaded the ﬁle. The
drawback of PresiShare is that privacy and security issues have mostly been dismissed. Furthermore, MoCHA4 is a
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Fig. 1. A: Type of users smartphone, B: Devices used for presentation and C: Representation of some survey questions.
distributed system based on Web technology and cloud computing. The main feature of MoCHA is that both smart-
phones and PDs are accessed through a Web browser. In addition, MoCHA provides secure binding of both PDs and
smartphones based on their proximity. However, the user must be in front of the PD to access the PD.
We observed that the latest applications that support sharing ﬁles between PDs and smartphones, focuses on inter-
active modes of PDs but forget the primary purpose of PD, which is to reveal information to the people. Interactive
methods allow users to share their personal ﬁles for real-time interaction; however, traditional (passive) modes focus
on displaying announcements and information remotely. This combination appears in UBI-hotspot displays11 which
combine both passive and active states, where the passive state, displays a sequence of advertisements in a full-screen
mode. However, the active state, divides the screen into two areas. Our system is similar to UBI-hotspots on passive
and active states; however, UBI-hotspots are more costly because they use a special display that is developed with
special components. On the contrary, our system uses any smart TV that has a web browser.
3. Online Survey
3.1. Demographic Information of Participants
We conducted a set of online survey in Arab countries. The goals of the survey are, ﬁrst, to help us determine
users requirements (which are then used to design and implement an application for sharing diﬀerent ﬁles from users
smartphones to PDs or TVs) and, second, to understand what the users think about having such an application on
their smartphones. Over a period of one week, we obtained responses from 302 Arabic people of diﬀerent ages and
qualiﬁcations include (79 male and 223 female). By age, 128 (42.4%) of the participants were between 21 and 30,
91 (30.1%) were between 31 and 40, 39 (12.9%) were between 41 and 50, 28 (9.3%) were between 11 and 20, and
the rest (5.3%) were older than 50. 226 (74.8%) of them had used a smartphone for more than ﬁve years while 74
(24.5%) of them used a smartphone for 3-5 years. The remaining two persons, who represented 0.7% of the total had
used their smartphones for less than two years. 95% of the users had their smartphones with them everywhere.
3.2. Usage of Smartphone
Of the participants, 226 (74.8%) had used a smartphone for more than ﬁve years; another 74 (24.5%) had used
a smartphone for 3 to 5 years. The remaining two persons (0.7%) had used a smartphone for less than two years.
Nearly all (95%) of the participants carried their smartphones with them everywhere. The sub-ﬁgure A of Figure 1
presents the types of smartphones that participants used. The iPhone was the most popular (61.96%), followed by
Samsung phones (28.24%) and Windows phones (4.32%), with the remaining 5.48% of participants using another
type of smartphone. The high percentage of iPhone and Samsung phones motivated us to select Web applications that
would run on diﬀerent types of smartphones and that were not exclusive to one type.
3.3. Presentation Tool
The sub-ﬁgure B of Figure 1 presents the types of devices that were used to display ﬁles for a group of people.
Computers (26.37%) and projectors (29.79%) were the most-used devices for presentations. Tablets (19.18%) and
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Fig. 2. System Architecture.
smartphones (15.58%) were also common. Other devices that were mentioned by participants included Apple TVs,
smart boards and Chromecast. The sub-ﬁgure C of Figure 1 presents some of the questions from the survey. The
letters represent the following questions: A) Do you have a remote control to easily change pages and ﬁles from a
distance?. B) Do you face any technical problems when you must quickly make a formal or informal presentation?
C) Do you face diﬃculties when you use any of these devices (e.g., projectors or TVs) to present photos or ﬁles to a
group? D) Do you agree with the idea of using the nearest TV to wirelessly sharing ﬁles from your smartphone? E)
Will you share your ﬁles for a period of time with PDs located in workplaces, schools, universities or malls? F) In
your work, do you agree with the idea of sending an announcement for a PD through a smartphone?
For Question A, the graph illustrates that 67.9% of the devices used by participants do not include a remote control
to facilitate the monitoring of content from a distance. For Question B, 123 participants (40.7%) stated that they
had faced technical problems when they decided to make a formal or informal presentation. For Question C, 89
participants (29.5%) stated that they had encountered diﬃculties when using projectors or TVs. The results for
Question D indicated that 289 participants (95.7%) would like to wirelessly share ﬁles from their smartphones to the
nearest display. The reasons that participants did not want to do so were based on the security of the connection and the
privacy of ﬁles. The letters B, C and D, respectively, represent these in the graph for the sub-ﬁgure C of Figure 1. For
Question E in the sub-ﬁgure C of Figure 1, 242 participants (80.1%) would share their ﬁles with PDs at workplaces,
schools, universities or malls. The reasons that participants oﬀered for not doing so can be summarized as follows.
Some persons said that sharing ﬁles on public networks was not secure; others stated that they had privacy concerns.
Others said that the choice would depend on the ﬁle types. Some also mentioned that they needed a guarantee against
spyware and ﬁle theft. For Question D in the sub-ﬁgure C of Figure 1, 284 participants (94%), agreed that they would
send announcements to a PD through smartphones at their workplaces.
Table 1. The main requirements that suggested by users for designing the SAPDCS.
# User Requirements # User Requirements
1 Is easy to use 15 Can print the ﬁle
2 Uses icons rather than command 16 Can edit the ﬁle
3 Support Arabic and English 17 Has an account for every person
4 Supports diﬀerent types of ﬁles 18 Supports multiple concurrent smartphones
5 Compatible with diﬀerent smartphones versions 19 Protects the privacy of ﬁles
6 Compatible with diﬀerent displays types 20 Selects speciﬁc ﬁles only and does not share all ﬁles from a smartphone
7 Allows free announcements 21 Easily pairs between devices
8 Allows announcements by all persons regardless of age 22 Does not use the Internet
9 Remotely controls the ﬁles using a smartphone 23 Has high ﬂexibility
10 Secures the connections and information 24 Has a simple interface
11 Uses a small size application 25 Is easy to install
12 Has easy-to-change ﬁles 26 Is eﬃcient and accurate
13 Resizes images while saving to ensure quality and accuracy 27 Is attractive and colorful to grab peoples attention
14 Is oﬀered to public users 28 Establishes a wireless connection without cable
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3.4. Concluded User Requirements
The main requirements for designing a smartphone and PD control system, based on the online survey, are pre-
sented in Table 1. However, as this is our ﬁrst prototype, we will start with the most important and basic requirements,
and in the subsequent versions, we will enhance the system to meet other requirements. We also observed that some
of these requirements could not be fulﬁlled for remote broadcasting announcements (e.g., Does not use the Internet);
however, such requirements can be fulﬁlled in close physical proximity to a PD through a wireless connection such
as Bluetooth or Wi-Fi. As we mentioned in the related work, Bluetooth wastes participants time in the conﬁguration
and pairing processes, and many people refuse to connect their smartphones with public Wi-Fi due to privacy issues.
4. System Design
4.1. Architecture
The system has a client-server architecture. The components of the proposed system are shown in Figure 2, where
both the smartphone and the PD are clients using a Web browser to access the service. The system architecture is
Web-centric, and the service is implemented through a distributed Web application. The Node.js server is relying
in a programming library that in turn provides interaction events between PDs and smartphones. The PD and the
smartphone are supposed to have an Internet connection through which a server can be accessed. The application and
all its ﬁles will be loaded automatically into the PD when the URL is opened on it. When the URL opens on the
users smartphone, the mobile interface will be loaded automatically from the application server. Then, a Web socket
connection between both the clients devices and the Node.js server will be established. The same PD URL can be
opened in multiple PDs, and the action that the user performs from a smartphone will be rejected in all PDs. Multiple
users can log in to the system. The ﬁrst user will be the admin, who will determine the number of users who can
access the PD. By default only one user can login until the admin (ﬁrst user) change the number of accessed users.
If two or more users are logged in to the display, only the last shared ﬁle will be shown on the display. The current
ﬁle will be overwritten if any user shares a ﬁle with the display. The architecture is similar to12 in control interaction;
however, we used a single server rather than two, which will be better concerning system performance. Furthermore,
we enhance the architecture with the capability of sharing ﬁles and adding an encryption layer to the system. So, if
there is an attack on the system, the ﬁles will be encrypted. The implemented system uses a MEAN stack13 where M
is MongoDB database, E is Express.js which is a ﬂexible web application framework for Node.js, A is AngularJS and
N is Node.js server.
4.2. Server-Side
The server checks the status of the PD based on a database (MongoDB) entry when a user requests to access the
PD; then it informs the user about the situation of the PD. Based on the status of the PD, the expected Web page
will be presented on the smartphone screen. If the display is available (no one is connected to it) and a user logs
in successfully, a Web socket connection will be established and the user can interact with the display. Otherwise,
the user must wait until the display becomes available by either the admin logs out or the admin changes the total
numbers of connected users. The display will show content based on the user interaction. Control communication,
like writing a note on a keyboard and marking a signiﬁcant sentence, is performed on a smartphone and transmitted
via Web socket to a PD application via high-level control events12. On the other hand, uploading ﬁles will be done
through HTTP. All uploaded ﬁles will be saved temporarily on the Node.js server during the user session. However,
they will be encrypted using the third party application Boxcryptor14”. Additionally, once the user logs out, all the
uploaded ﬁles will be deleted automatically.
4.3. Client-Side
The client side supports both display view and smartphone view. Moreover, part of the application on the client
side is responsible for updating the page when new ﬁles are uploaded on the server side. Uploading ﬁles like (PDF,
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Fig. 3. Public Display view A: without announcement, B: with announcement and C: with guest user connection
Fig. 4. Smartphone pages’ view.
Word and Presentation) passes through four steps; ﬁrst, to upload the ﬁle to the system; second, to convert the ﬁle into
an image based on a node module that is oﬀered by Node.js called Cloudconvert15. These images are then converted
and will be saved in a zip folder. To unzip this folder, another module called Unzip216 is used. For playing media
ﬁles like MP3 an MP4 the Videogulars API is used17.
4.4. System User Interface
There is basically two type of interface in this system; one is a mobile interface and the other is PD interface.
• Public Display View The display view is shown on the PD and can be seen by users. This display will show
scheduled announcements by default. Once the guest user is connected to the display, nobody can access the
same PD until the ﬁrst user logs out or changes the number of connected users. Connected users can upload
any ﬁle to PD, and the ﬁle upload progress message will be shown on the screen. All the uploaded ﬁles with
multiple pages are converted into image slideshows. If the user uploads media ﬁles, like audio or video, then
the media ﬁle starts playing automatically. Figure 3 represents diﬀerent PD views.
• Smartphone View Smartphones support three diﬀerent views: a guest view, an registered view and an admin-
istrator view. These views are shown on the users smartphone. In guest view, the user can share diﬀerent ﬁles
on the PD in a real-time presentation. Registered view allows registered users to share an announcement, and it
can be deleted or updated at any time. Finally, the administration view provides the ability to accept or ignore
the announcements shared by the registered user. This allows the administrator to maintain control. Figure 4
represents diﬀerent smartphones views. The guest users have the capacity to upload diﬀerent types of ﬁles,
which include the extensions: .ppt, .doc, .pdf, .mp4, .jpg, .png and .mp3. They can also write important notes,
mark something as an important part of the page, and change the pages remotely using a smartphone.
5. System Interaction Technique
To facilitate interaction with the PD rather than entering a URL manually, the users can scan the QR code displayed
on the PD. When the URL opens, users can log in as a guest or registered user. Guest users must type a username and
the random key displayed on the PD to log in. This random key changes automatically after each session to ensure
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that the display will be accessed by users who are in front of the display. Registered users must have an account
and should type their username and password to log in remotely through the system URL. PDs display by default the
slideshow of scheduled announcements that have been uploaded by registered users. This is called the passive state.
Once a guest user logs in, the display divides into two sections, right and left. The announcements banner and the QR
code ﬁgure go to the left side of the display, and the right side will be the interactive section for the guest user. When
the guest user connects to the PD he/she can upload the document and slideshow ﬁles and can mark some important
part of the slide by using the pen tool. Also, logged-in users can write any important note while giving a presentation
by using the keyboard tool. Furthermore, they can play and control audio and video and can upload the images. This
has been proved as a successful way to integrate data through smartphones on a PD screen without any error.
6. System Evaluation
To evaluate the systemwemade two type of evaluations; performance and end-user evaluations in separate sessions.
6.1. Methodology of Performance Evaluation
In this evaluation we measured the response time in seconds from the moment that users select the ﬁle that they
wanted to post it until the selected ﬁle appears in PD. We made test of 36 ﬁles with diﬀerent sizes, number of pages
and types. We prepared 12 documents ﬁles (with .doc and .pdf extensions) and six video (.mp4), audio (.mp3),
presentation (.ppt) and image (.png and .jpg) ﬁles for the test.
6.2. Methodology of End-User Evaluation
Based on an online survey, most smartphones used by users are Apple and Samsung products, so we prepared two
smartphones, an iPhone 6 and a Galaxy Edge, to be used in the evaluation. Each of these smartphones has three ﬁle
document types, PDF, image and video; The end-user evaluations were conducted in two separate places. The ﬁrst
was at the university in the lobby of the Computer Science College. The second was in shopping mall. We invited
random people who were set or passed in front of the PD. The session started with an overview of the study. Then,
we gave the participants a demographic questionnaire to know about their background. If there were two or fewer
participants, we gave them our smartphones, and if there were more than two people we asked them to use their
personal devices as well as our smartphones. The participants started the evaluation by scanning the QR code of the
PD to open the application website, then they logged in and started accomplishing the tasks. Each group shared the
particular three ﬁles. For a group of four persons, the fourth participant shared any image from their smartphone.
After that, the participants would ﬁll out the System Usability Scale (SUS)18, Overall System Evaluation (OSE) and
a qualitative questionnaire to give their feedback.
6.2.1. Data Collection
We collected the following data from participants:
• Demographics: We collected data from each user on age, gender, nationality, qualiﬁcation and college.
• Smartphone Information: We asked about the number of years of smartphone use, the type of smartphone
and whether participants used their smartphones everywhere.
• System Response Time: We used Wireshark to track the packets and measure the actual response time of
HTTP. Wireshark measures the time from the HTTP request to the ﬁnal data packet of the response.
• The System Usability Scale (SUS) and the Overall System Evaluation (OSE): After testing the application,
participants ﬁlled out SUS questionnaires18 to evaluate the usability of the system and some questions about
the overall system. SUS contains ten questions, and OSE includes six questions. Each question has a ﬁve-point
Likert scale, where 5 means strongly agree and 1 means strongly disagree. Then, the score is calculated, where
100 is Best Imaginable and 0 is Worst Imaginable18.
• Qualitative Data: We asked the user about advantages, disadvantages and some features they prefer in the
system.
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6.3. System Deployment
A smart TV is was used for the development and deployment of the application. The smart TVs were connecting
to a laptop that acts as server. Any smart TV and smartphone with a Web browser can be used for deployment. The
following are the details of the hardware used to test SAPDCS.
• Displays: We used two diﬀerent displays Samsung with 50” and Nikura with 32” for the deployment of our
application. Both displays are in landscape mode.
• Smartphones: The system supports latest kinds of smartphone that have the web browser.
• Server: In the ﬁrst programming phase, the Node.js version v4.0.0 is installed and running on the MacBook
Pro. In future versions, the Node.js must upload on the cloud to be more ﬂexible, so there is no need to use the
computer.
Table 2. Type and size of ﬁles used in performance testing.
# Extension File Size Number of Pages Response Time # Extension File Size Number of Pages Response Time
1 .mp4 1.1 MB 8.42 sec 19 .mp3 0.5576 MB 17.54 sec
2 .doc 13.5 MB 4 pages 214 sec 20 .pdf 0.1835 MB 6 pages 31.2 sec
3 .ppt 2 MB 4 pages 60.7 sec 21 .ppt 2.2 MB 12 pages 57 sec
4 .png 3.7 MB 12.18 sec 22 .mp3 5.3 MB 28.93 sec
5 .pdf 6.6 MB 10 pages 131 sec 23 .mp4 7.3 MB 31.83 sec
6 .doc 5.8 MB 4 pages 117 sec 24 .jpg 2.8 MB 18.26 sec
7 .pdf 0.1455 MB 3 pages 24.28 sec 25 .mp3 5.9 MB 31.8 sec
8 .mp4 2.1 MB 14.22 sec 26 .ppt 0.5175 MB 3 pages 45.62 sec
9 .jpg 4.6 MB 14.83 sec 27 .pdf 4.1 MB 8 pages 171 sec
10 .ppt 3.9 MB 6 pages 98 sec 28 .mp4 10.5 MB 23.75 sec
11 .doc 5.5 MB 12 pages 138 sec 29 .ppt 1.7 MB 15 pages 116 sec
12 .jpg 0.2197 MB 7.31 sec 30 .mp3 3.1 MB 22.15 sec
13 .mp3 0.4335 MB 14.18 sec 31 .png 0.3378 MB 6.4 sec
14 .doc 3.1 MB 4 pages 83 sec 32 .pdf 3.7 MB 8 pages 115 sec
15 .mp3 0.7080 MB 16.14 sec 33 .mp4 31.5 MB 76 sec
16 .png 1 MB 11.43 sec 34 .ppt 0.4687 MB 5 pages 29.21 sec
17 .pdf 5.2 MB 12 pages 169 sec 35 .mp4 52.5 MB 86 sec
18 .doc 4.1 MB 8 pages 109 sec 36 .doc 1.5 MB 11 pages 63 sec
7. DISCUSSION AND RESULT
7.1. Performance Evaluation
The result of performance evaluation is very encouraging. Where the time required from uploading a video ﬁle
with size 52.5 MB until displaying it on PD is 86 seconds as represented in Table 2. However the document ﬁles
which includes (word and pdf) and presentation ﬁles took a long time because each page of the document ﬁle was
converted into a photo to allow the user to toggle Next and Previous between ﬁle pages; where the time required for
displaying word length with size 5.8 MB is 117 seconds. However waiting this time is better than handling the laptop
and conﬁguration of projector equipments. The sub-ﬁgure A of Figure 5 presents the mean of response time based on
ﬁles’ type. To validate the performance of proposed framework, we tried to compare it with similar systems described
in the related work. Most papers focused on evaluating the interaction mechanism rather than analyzing application
performance. For example, PresiShare1 focused on comparing user interaction with QR codes and Bluetooth by
sharing an image stored on a smartphone with a tablet, without specifying the image size. While Digiﬁeds2 compared
posting content with QR code on phone vs. on paper. The authors of Direct Migrator7 speciﬁed the size of the shared
ﬁles; however, they used only two ﬁles. Also, they measured the time from when the users started to conﬁgure the
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Fig. 5. A: Mean of response time in seconds from the moment that user select the ﬁle that he/she wanted to post it until the selected ﬁle appears
in PD, B: Mean of HTTP response time using wireshark since ﬁle requested to upload based on ﬁle and smartphone types and C: SUS and OSE
Results.
smartphone to connect to Wi-Fi until transferring the data. So, it is not eﬃcient to compare our system to the proposed
solutions because we focused on the size of the shared ﬁle from the moment that the user requested to share it.
7.2. End-Users’ Evaluation
7.2.1. Demographic Questionnaires
There were 55 volunteers who participated in the evaluation, 48 female and 7 male. We conducted 27 sessions, each
of which had a diﬀerent number of participants; eight sessions had one person each, 13 sessions had two persons, and
three sessions had both three and four persons. Participants represented diﬀerent ages, backgrounds and nationalities.
All participants were Arabic and had a smartphone, and 26 (47.27%) of them were graduates or students in the College
of Computer Sciences, 42 of them were between 16 and 29, and 13 of them were between 30 and 55. Forty-two of
them had previously used a PD, such as Kiosk or point of sale. Thirty-nine (70.91%) of them agreed to use their
personal smartphones for sharing ﬁles; however, the number increased to 46 (83.64%) if they knew that their ﬁles
would be secured because they would be automatically encrypted.
7.2.2. Performance Evaluation Using Wireshark
We prepared three kinds of ﬁles: an image ﬁle of 447 KB, a PDF ﬁle of 149 KB and a video ﬁle of 384 KB. We
chose small ﬁles in this evaluation to reduce the waiting time for participants. The three images that were uploaded
from participants smartphones were of 585 KB, 450 KB and 4 MB, respectively. While participants performed the
tasks, we measured the HTTP response time of each uploaded ﬁle using the Wireshark application. The sub-ﬁgure
B of Figure 5 represents the mean time in seconds of HTTP response time for each ﬁle from the moment when the
participant requested to share the ﬁle. We observed that PDF ﬁles took a long time because of the conversion of the
PDF ﬁle pages into images.
7.2.3. SUS and OSE Evaluations
The results of both SUS and OSE questionnaires are summarized in sub-ﬁgure C of Figure 5. The average evalua-
tion of the system using SUS was 74, which means that the system has good usability18. All participants were able to
complete the tasks. Most of the participants (denoted by Pi, where i is a participant ID) liked the idea of sharing ﬁles,
and they were ready to use the system. In addition, 58.2% of the participants mentioned that the system was easy to
use and to learn. Furthermore, P36 and P48 said, The system will be useful for group work. P2, P22, P31, P33, P38
and P55 mentioned that the system would save them time and eﬀort. P5, P18, P30 and P55 said, The main feature
of the system is to avoid to handle any laptop or hard-disk with us to make the presentation. In addition, P55 said, I
like the idea of sharing ﬁles without any cables and wires. However, some of them were afraid of the security of the
system and the privacy of ﬁles. P3 said, I think I will trust the system more in the future if it becomes as famous as
Dropbox. P49 and P51 suggested making an Arabic version of the system. P27 suggested making a tool to zoom in
on the uploaded ﬁle on the PD.
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7.3. Results and Recommendations
The test results reveal that the SAPDCS is an eﬀective method that seamlessly allows sharing of ﬁles from smart-
phones to a PD without any wires. The central feature of our system is that it can be used instantaneously, every time
and everywhere with any smartphone and smart TV that has a Web browser. The ﬁndings enabled us to recognize
some areas for improvement in future versions; nevertheless, the services performance is suﬃcient to support infor-
mal and ﬂexible formal meetings. Furthermore, it is easy to use, fast and able to send diﬀerent kinds of ﬁles. Users
with diﬀerent ages and backgrounds can use the system since the user interface of the SAPDCS is simple and easy
to use and to learn. SAPDCS is a reasonable alternative to using projectors. As SAPDCS combines the traditional
and interactive modes of PDs, Researchers can take these advantages to develop an interactive PDs system in urban
spaces. We think that this system will be very pervasive in the coming years, especially in smart cities.
8. Conclusion
Most PDs act as output devices and do not provide any mean of interaction. Smartphones can be used as com-
plementary tools to allow users to generate contents with PDs. This simple mechanism can easily oﬀer new social
practice forms in the real world and eﬀectively enhance inter-device seamless communication. However, one of the
issues that needs to be researched is to make these devices more robust so that interconnectivity of the smartphones
with PDs can be achieved smoothly. In this paper, we proposed a web technology-based solution for interaction with
PD through smartphone through a Node.js server. Notably, the proposed technique allows the uploading of diﬀerent
types of ﬁles to a PD through a smartphone. Multiple users can use the system concurrently across a wide area. Thus,
our SAPDCS supports interaction with the PD for remotely located users and users in proximity. Another issue that
is concluded to be paid more attention is the privacy issue, which have been observed to be of paramount importance
for the users of all types.
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